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, , 0i , x motor and a magnetic 
* nmo t s 7 provided on the rotor 2a. Amoxorau. 
of perron ^ rotor 2a equi pped ,H* the permanent 

^garefcrmedbetween ^ stobear m B sare»rme4betweenthe 
magnet 7 and the stator 3a. Also, mag 

" toI 2a ^ 1" are formed*om nobody sections composed of 
^ r ^ f ZL on a rc*or shaft 8 composed of a magnetic 
a magnetic material, and provxd ^ ^ 

material at locations spaced a specked „ both 

^ 11 L pW permanent ma.neU Tare disposed 

Among the rotors 2a and 2b, tneplur P magnetic 
.onnd a periphery surface o f the rotor 2a - — h ^ ^ 

magnets wim ^ ^. Qn , v f* ceS that are 

■—disposed. ^aLTZ-d^rrents. 

— t d al arTCo Ld adjacent to external peripheral 

^ ^tors 3a andm, ^ poripWll Bur£ac es 

snri ace of the rotors 2a and 2b m a » 5* and 5b are 

2 * to generate two-poie 

~— 4 T 8tt "l^^:— ^e^tatetherotors^aand 
station control ""^"^ oa the ^tor Sa adjacent to the 
rstr^^rrotationmagneticneld.K.rtherOtor 

2a ' fiAld seneration device 4 is provided 

device 4 generates a magnetic v 
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• «. 4 A«m the rotors 2a and 2b to the stators 3a and 3b. In one 
< embodiment, tne ed ta a ^al area between the 

^etic fieU generation device < mr generating the b,as 
Tot ocularly restricted. However, the greater th. number of bias 

it^ctLi ~* *, « - — - — **r;z~~ 

reduesd. According, the number of the permanent ' 
preferably be increased as many as possible. The stators 3a and 8b may also 
be formed from stacked silicon steel plates. _ 

The number of the magnetic poles of the rotor 2a and the number of 
slots of th. stator Sa are not particularly restricted. Any number of the 
m^tic Poles or the slots may be acceptab.* to the extent that they -» 
ZLa PMmoto, However, in apreferred embodiment, the number of 
TLa^c poles may be 6 or more, and the number of the slots may be 9 or 
tne magnet y ma gnetic poles and 

T „ embodiment shown in tne nguxe, six \w ^ & 
more. I» the embodrmen embodiment, the PM motor 

twelve (ISO slots are provided. In an alternative em 
described above may have a stator with a slot-less structure. 

derations of the magnetic legation motor will be described with 

reference to Figs. 1 and 2 end Figs. 3 and 4. Iotatjon 
Fig. 3 shows a system of coordinates of the rotor, in Fig. 3, a rotation 

center of the stators 3a and Sb is denned at 0, a ho— ^ ^ ^ 
an x -axis and a vertical axis perpendicular to the x-a*>s is defined as a y ax. 

WhenTrotary coordinate fixed on the stators 3a and 3b is e, the angular 
^^rirs.aand.bis.andtimeist.eachofthestators^dh 

„ *— at an angular speed 9 from the ya»s. When the y axis is set at 
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time t = 0, the position of the rotors 2a and 2b «fiy» t seconds is obtained by a 
formula ovM. 

Figs. 4 (a) - 4 (c) show relations between magnetic fluxes of the stators 
and the rotors and time. Fig. 4 (a) shows time-wise changes in the magnetic 
flux density Br of the bias magnetic flux generated by the permanent 
magnets of the rotors and the direct current magnetic field generation device. 
Fig 4 (b) shows time-wise changes in the magnetic flux density Bsm 
generated by the second stator winding in the gap between the stators and 
the rotors. Fig. 4 (c) shows time-wise changes in the magnetic flux density 
Bsb generated by the first stator winding. 

In the magnetic levitation motor 1, current is conducted through the 
first stator windings 5a and 5b for generating a levitation force so that 
magnetic fields are created by the first stator windings 5a and 5b in a 
manner shown in Fig. 4 (c). Also, current is conducted through the second 
stator winding 6 for generating a rotation force so that magnetic fields are 
created by the second stator winding 6 in a manner shown in Fig. 4 (b). As a 
result, the magnetic levitation motor 1 magnetically floats and rotates as a 
motor* 

In this manner, current is conducted through the first stator windings 
5a and 5b to generate the magnetic flux density Bsb, and current is 
conducted through the second stator winding 6 to generate the magnetic flux 
density Bam, to thereby create a magnetic levitation and a rotation 
independently from one another. The generation of independent magnetic 
levitation and rotation forces is logically analyzed. In order to make the 
logical analysis, the following assumptions (1) through (6) are made. 

(1) Electric current is continuously distributed along the stators 3a and 

3b. 

(2) The motor is in a constant rotation and under a constant thrust 
load (the gravity and the like). 
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(3) The rotor 2a forms a magnetic flux density having a rectangular 
waveform by the permanent magnets, and this magnetic flux 
density does not cause an eccentric force. 

(4) The center of the rotors 2a and 2b concurs with the center of the 
stators 3a and 3b without an eccentricity. 

(5) The bias magnetic flux is constant and radially distributed. 

(6) The current conducted through the second stator winding 6 for 
generating a rotation magnetic field does not cause any armature 
counter action. 

Under the assumptions described above, the magnetic flux density Br 
by the bias magnetic flux generated by the rotor 2a and the permanent 
magnets 7 is given by Formula 1 as follows: 
[Formula l] 

Bo+Bi 

,e>t 27t(i-l) n ot 2Tc(i-l) n . 
'"^"KT* h M 2M~ "KT M 2M/ 



Bo— Bt 

,C0t 27t(i-l) , nr fflt , 27t(j-l) , ^ 



Where, 

Bo ' Gap magnetic flux density by the bias magnets 

Bi : Wave height of the magnetic flux density by the permanent magnet oft 
rotor 

B 2 : Wave height of the magnetic flux density by the motor winding 

Ba = Wave height of the magnetic flux density by a position control winding 

6 : Rotary coordinate of the magnetic flux density by a position control 

winding 
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V : Phase difference between the magnetic flux by the armature winding and 
the rotor 

<j> : Phase angle of the magnetic flux by the position control winding 
a* : Angular speed of the rotor 
t :Time 

M : Pole pair number (=1, 2, 3 f ...) 
i : Natural number 

To simplify the calculation, the curve of the magnetic flux density Br is 
assimilated to a sine wave. As a result, the magnetic flux density Br can be 
presented by Formula 2 as follows^ 
DFormula2] 

Br = Bo + Bi cos (M6 - cot ) 

The magnetic flux density Bsm generated by the second stator winding 
6 between the rotor 2a and the stator 3a is given by Formula 3 as follows: 

[Formula 3] 

Bms = B 8 cos (M0 - tat - \|/) 

The magnetic flux density Bsb generated by the first stator windings 
5a and 5b is given by Formula 4 as follows: 
[Formula 4] 

Bsb = B3Cos(6-<j>) 

Therefore, the magnetic flux density Bg that is generated in air gaps 
between the rotors 2a and 2b and the stators 3a and 3b is given by Formula & 
as follows^ 
[Formula 5] 

Bg = Br + Bsm + Bsb 
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^ When the radius of the rotors 2a and 2b is r, an air gap between the 

rotors 2a and 2b and the stators 3a and 3b is g, the axial length of each of the 
rotors 2a and 2b is 1, and a minute angle is de, a minute volume AV of the air 
gap is given by Formula 6 as follows: 
[Formula 6] 

AV=rlgd6 

Magnetic energy AW stored in the minute volume AV is given by 

Formula 7 as follows : 
[Formula 7] 

Accordingly, a radial force dF along the radial direction is given by 
Formula 8 below with a virtual displacement of the magnetic energy stored in 
the minute volume of the gap: 
[Formula 8] 

Forces Fx and Fy generated along the x-axis and the y-axis are 
calculated by Formula 9 and Formula 10 presented below, respectively, by 
integrating an x-direction component and a y-direction component of the force 
dF in Formula 8 along the entire periphery of the gap for a given value of 9. 
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[Formula 9l 

Fx^ [dFcosQ 

Jo 2\io 

= ^b^x f\os{(M -i;e^co/;rfe 

2 Jo 

f*cos{(M-2)Q~(Q>t-$)}dQ 
[Formula 10] 

2JJ.0 1_ Z Jo 
Z jo 

+ M^h.£'cos{(2-MjQ + (&t + w)-$} dQ ] 



When M > 3 t Fx and Fy ox* given by Formula 11 and Formula 12, 
respectively, as follows 1 
[Formula 111 



Fx = cojf <f) 
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CFormula 12] 



BoBilm 



sin( fy) 



Accordingly, it is understood that, without regard to the rotation angle 
of the rotors 2a and 2b, a constant levitation force is obtained. The levitation 
force in the x-direction in Formula 11, the levitation force in the y-direction in 
Formula 12 and the magnetic flux density of the permanent magnet of the 
rotor 2a do not contain a member of the magnetic fLux density by the second 
stator winding 6 for generating a rotation magnetic field. Accordingly, it is 
understood that the magnetic levitation force is not influenced by the rotation 
magnetic field that is formed by the second stator winding 6. 

On the other hand, a rotation torque T is given by Formula 13 as 
follows: 
[Formula 13] 



= f 2 * QAW 
Jo oty 




f stn{(M-l)e 
Jo 
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A i 1$ ' When M > 2, the rotation torque T is given by Formula 14 as follows: 

[Formula 14] 

T — —2 — — sin My 

Accordingly, it is understand that the rotation torque T does not 
contain any member of the air gap magnetic flux density of the bias magnetic 
field generated by the direct current magnetic field generation device 4, or 
the magnetic fLux density generated by the first stator windings 5a and 5b for 
generating the magnetic levitation force. Consequently, the rotation torque T 
is not influenced by the bias magnetic field or the levitation magnetic field. 

The magnetic levitation motor described above so far is described and 
shown in the specification of Japanese Laid-open patent application HEI 10 - 
355124 that is filed by the present applicant and has not yet been published. 
The magnetic levitation motor described above provides the following 
advantages: 

(1) Since the magnetic bearing and the magnetic circuit of the motor are 
integrally formed, the overall size of the magnetic levitation motor 
becomes small, and the axial length can be shortened. As a result, the 
critical speed can be increased and a high speed rotation becomes possible. 

(2) The magnetic levitation control is not affected by the load torque or the 
motor electric current, and a more stabilized levitation can be attained. 

(3) The magnetic levitation control is not performed by the rotation magnetic 
field, and therefore a coordinate conversion is not required and the control 
system is simplified- 

Ahomopolar type magnetic levitation motor needs at least 8 magnetic salient 
poles. However, the magnetic levitation motor in accordance with 
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